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ABSTRACT 

These paper present informations on the role of soil microbiota with a special relevance to arbuscular mycorrhizal 
fungi on growth of eucalypt species in calcareous soil. Most species of this genus are calcifuge. Four Eucalyptus species 
were used in this study: three are calcifuge and one calcicole. Seedlings have been grown in soil sterilized or not. Soil was 
collected around mature trees, in a stand presenting a calcareous soil. Seedling growth (height, stem dry weight, root length 
and number of secondary roots) and mycorrhization were monitored over 80 days. Results revealed that growth of the 
calcifuge species was not affected in non sterilized soil but severely hampered in sterilized soil. Seedlings of the calcicole 
Eucalyptus species do not present chlorosis in sterilized soil but its growth was significantly enhanced in non-sterilized 
soil. All seedlings grown in non sterilized soil were mycorrhizal but rates were higher for calcifuge species. These results 
suggest that arbuscular mycorrhizal fungi have a beneficial impact on tolerance of calcifuge Eucalyptus. Species to soil 
calcium carbonate and promote their growth. 
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INTRODUCTION 

Toxic effects of calcareous soils on calcifuge plants has been attributed to their low capacity to limit calcium 
absorption (Rossignol et al., 1977, Chevalier & Paris, 1981), and have been related to both calcium ions 
(Jefferies & Willis, 1964; Clarkson, 1965) and bicarbonate ions (Mengel et al., 1984). The difference in the ability of 
plants to grow on calcareous soils could be explained by the physiology of their roots in the acquisition of nutrients 
(Gutschick 1973). In calcareous soils P is fixed by calcium carbonate through adsorption and precipitation that gradually 
decreases its solubility and consequently its availability (Labidi et al., 2012). 

Mycorrhizal fungi can dissolve many toxic metal bearing minerals (Fomina et al., 2004; Gad, 2007). Mycorrhizal 
symbiosis increases the soil volume explored by the plant roots beyond the phosphorus depletion zone (Kothary et al., 
1991; Li et al., 1991). The development of hyphal networks inside and around mycorrhizal roots improve P and N uptake 
by mycorrhizal plants (Johansen et al., 1993; Smith and Read 2008). Anion and cation absorption by the mycorrhizal 
plants can alter the rhizosphere pH which may affect the availability of P to plants (Lapeyrie et al 1990). Production of 
phosphatases by mycorrhizal plants can solubilize the organic P (Taraphdar et al., 1994) and enhance its availability 
(Marshner et al., 1994). Association of calcifuge woody plant species with ectomycorrhizal fungi induced tolerance to 
calcareous soils. This has been reported for Pinus nigra nigricans (Clement et al., 1977; Le Tacon, 1978) and Eucalyptus 
dumosa (Lapeyrie & Chilvers, 1985). 
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Most species of the genus Eucalyptus are calcifuge species (Pryor, 1976). During a field investigation, we have 
observed mature trees of E. camaldulensis which is known as a calcifuge species, in a patch of calcareous soil. Following 
this observation, a question arose: what enables this eucalyptus species which is known as a calcifuge one to grow on this 
calcareous soil? A previous study of the mycorrhizal status of these eucalypts have revealed that they were associated with 
many arbuscular mycorrhizal fungi (Adjoud-Sadadou and Halli-Hargas, 2000). 

In order to understand and deepen the question, in the present experiment the behaviour of some eucalypts, 
calcicole and calcifuge species, was checked by transplanting them in this calcareous sol taken around eucalypts, thus 
containing the natural inoculum and in the same soil sterilized (without inocculum). 

MATERIALS AND METHODS 

Experimental Design 

The soil used in this experiment was collected in a patch of calcareous (127g/Kg CaCC>3 total) and P deficient 
(0,048 mg g'^P 2O5 Dyert) soil supporting Eucalyptus camaldulensis species. A lot of soil samples were taken at about 1.5 
m from the base of the trunks in about 10 radii around the trees and down to 20 cm depth. Then, they were pooled together, 
carefully mixed to avoid heterogeneity and sieved (2 mm.). Physico-chemical analysis has been performed. After, the soil 
obtained was divided into two parts. One was autoclaved three times (1 hour, 120°C.) with a 48 h interval and left for 5 
days. Physico-chemical analysis of this sterilized soil has been carried out again in order to check the effect of sterilization 
on its chemical composition. Values obtained were the same. The part was used as it is. Four Eucalyptus species were 
tested: Eucalyptus maideni, E. globulus, E. camaldulensis are calcifuge species; E. gomphocephala is a calcicole one 
(Pryor, 1976). Seeds of Eucalyptus maideni, E. globules and E. gomphocephala were collected from trees of a plantation 
presenting a non calcareous soil. For E. camaldulensis, seeds were collected from the trees of this calcareous stand. After 
surface disinfecting (H 2 0 2 30%) all the seeds were germinated in a sterilized peat-perlite mixture (60-40 v/v). After a 
month of growth, seedlings were transplanted into 600 cm 3 plastic pots. For each species, 64 pots were prepared. Half of 
these were filled with sterilized soil. The remaining pots received non sterilized soil. At the beginning of the experiment, 4 
seedlings were planted in each pot and then cleared to one per pot 6 days after. The pots were kept in a gently ventilated 
chamber (day light, 18°C night; 25°C day). They were arranged in a complete randomized block design and redistributed 
randomly once a week. Blocks were randomly redistributed every two weeks. Seedlings were watered as necessary, 
avoiding excessive drainage. The experiment was carried out over 80 days. 

Determination of Plant Growth 

Measurements began 21 days after transplanting. For each species and each condition (soil sterilized or not), 8 
plants were harvested at about 15 to 21 days intervals. Total root length was determined using the line intersect method 
(Tennant, 1975). Number of secondary roots (>2 nd order) and plant height were recorded. Stems were oven dryed 
(24 hours at 70 °C) and weighed. 

Mycorrhizal Monitoring 

To assess arbuscular mycorrhizal (AM) colonization, root systems were cleared in 10% KOH and stained with 
Trypan blue (Phillips and Hayman, 1970). Then, AM mycorrhizal root lengths were estimated using the grid line intersect 
method (Giovannetti. and Mosse, 1980). 
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AM fungi were identified to the genus level on the basis of the morphological characters of the different structures 
(arbuscules, vesicles, hyphae) and colonization patterns (Abbot and Robson, 1979; Abbot, 1982; Shenck and Perez, 1990). 

Data Analysis 

Data obtained for growth were analyzed using stat box 6. For mycorrhizal quantification, data were subjected to 
Anova analyses using STAT ITCF and Newman Keuls test (P< 0.05). 

RESULTS AND DISCUSSIONS 

Results obtained for growth in sterilized and non sterilized soils are reported on figures 1,2, 3, and 4. In non 
sterilized soil, all seedlings do not show any sign of deficiency. At the end of the experiment, 80 days after transplanting, 
all the parameters reached values of about twice those measured at the beginning of the bioassay, 21 days after 
transplanting. In sterilized soil, seedlings of calcifuge species showed leaf chlorosis. These symptoms have been related to 
toxic effects of calcareous soils on calcifuge plant species. Indeed, these toxic effects are revealed by a chlorosis which is 
generally accompanied by an iron deficiency (Menguel et al., 1984) and /or by a calcium accumulation in tissues. This is 
especially dangerous when it relates to cytoplasm and vacuole (Salsac, 1980). In the case of this study the problem is 
exacerbated by the P soil deficiency. Sensitivity to the calcareous soil of the three calcifuge species differed: E. maideni 
was the most sensitive species; after 42 days; seedlings showed a severe chlorosis and died (Figure 1). For E. globulus 
growth slowed down at 42 days after transplanting and seedlings died at 57 days (Figure 2). E. camaldulensis seedlings 
grew until 57 days after and then died (figure 3). E. gomphocephala, the calcicole species, do not show any sign of 
deficiency in sterilized soil although growth was better and all parameters measured were higher in non sterilized soil. 
(Figure 4) 

Anatomical structures of AM, mainly of the Arum type with typical arbuscules, were found within roots of all the 
species used when grown in non sterilized soil. The most frequently observed AM fungi were identified to genus level as 
several Glomus species according to the morphological descriptions of the different structures (arbuscules, vesicles, hyphae 
and spores) and colonization patterns (Abbot, 1982; Shenck and Perez, 1990). They were the same ones as those observed 
on mature E. trees (Adjoud-Sadadou and Halli-Hargas, 2000; Adjoud-Sadadou, 2004) in the stand where soil used for the 
experiment was taken. These results suggest that mycorrhizal fungi have conferred calcicole characteristics to the calcifuge 
E. species tested. This ability has been reported for other plants as Pinus nigra nigricans (Le Tacon,1978), Helianthemum 
(Kianmehr, 1978) and E. dumosa (Lapeyrie and Chilvers, 1985). Such species has been qualified as “symbiocalcicole” 
species by Lapeyrie (1987). Nevertheless, not all mycorrhizal fungi can confer this character to calcifuge plants 
(Lapeyrie 1987). 

Arbuscular mycorrhizal root lengths values increased significantly over all the duration of the bio assay and that, 
for all the species transplanted in non sterilized soil (Figure 5). When comparing mycorrhizal colonization of the calcifuge 
species, results obtained are noteworthy: the most sensitive species (E maideni and E. globulus) were the most 
mycorrhizal. At all sampling times, the calcicole species, E. gomphocephala, showed the lowest values of root 
colonization. This is in accordance with results obtained in our previous study where mycorrhizal dependency of 11 
Eucalyptus species have been studied (Adjoud et al., 1996). Results obtained revealed that E. gomphocephala was not AM 
dependent, so it did not really need to be associated with AM fungi to achieve its growth. However it grew up better in non 
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sterilized soil where the natural inoculum was present. 

CONCLUSIONS 

Arbuscular mycorrhizal fungi had a beneficial impact on tolerance of calcifuge Eucalyptus. Species to soil 
calcium carbonate and promoted their growth. The 3 calcifuge species revealed differences in their susceptibility to 
calcium carbonate. For E. camaldulensis , although seeds have been collected on trees in a calcareous soil the seedlings 
revealed a susceptibility to calcium carbonate. Consequently, it would be very interesting to identify precisely the different 
Glomus strains involved in this experiment and check them for efficiency. 
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Figure 1: Growth of Eucalyptus Maideni in a Calcareous Soil, Either Non-Sterilized or Sterilized, 
Followed Over 80 Days after Transplanting Unbroken Graph Lines and Solid Symbols Refer to 
Non-Sterilized Soil. Broken Graph Lines and Open Symbols Refer to Sterilized Soil. For Each 
Parameter, Values are the Means of Eight Replicates. Vertical Bars Represent Confidence 

Intervals (P = 0.05) 
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Figure 2: Growth of Eucalyptus Globulus in a Calcareous Soil, Either Non-Sterilized or Sterilized, 
Followed Over 80 Days after Transplanting Unbroken Graph Lines and Solid Symbols Refer to 
Non-Sterilized Soil. Broken Graph Lines and Open Symbols Refer to Sterilized Soil. For Each 
Parameter, Values are the Means of Eight Replicates. Vertical Bars Represent Confidence 

Intervals (P = 0.05) 
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Figure 3: Growth of Eucalyptus Camaldulensis in a Calcareous Soil, either Non-Sterilized or Sterilized, 
Followed over 80 Days after Transplanting Unbroken Graph Lines and Solid Symbols Refer to 
Non-Sterilized Soil. Broken Graph Lines and Open Symbols Refer to Sterilized Soil. For Each Parameter, 
Values Are The Means Of Eight Replicates. Vertical Bars Represent Confidence Intervals (P = 0.05) 
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Figure 4: Growth of Eucalyptus Gomphocephala in a Calcareous Soil, either Non-Sterilized or Sterilized, 
Followed Over 80 Days after Transplanting Unbroken Graph Lines and Solid Symbols Refer to Non-Sterilized 
Soil. Broken Graph Lines And Open Symbols Refer to Sterilized Soil. For Each Parameter, Values are the 
Means of Eight Replicates. Vertical Bars Represent Confidence Intervals (P = 0.05) 
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Figure 5: Monitoring of Mycorrhization of Four Eucalyptus Species (Arbuscular Mycorrhizal 
Root Length. % of Total Root Length) Over 80 Days after Transplanting in Calcareous Soil. Calcifuge 
Species: Eucalyptus Globulus, E. Maideni, E. Camaldulensis. Calcicole Species: E. Gomphocephala. 
Values are the Means of Eight Replicates. Columns Labelled with Different Letters Differ Significantly 

(Newman Keuls Test, P<0.05) 
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